Insertional mutagenesis and development of malignancies induced by integrating gene delivery systems: implications for the design of safer gene-based interventions in patients.
Effective gene-based interventions for the treatment of genetic disorders, neurodegenerative diseases and cardiovascular maladies require longterm transgene expression in target cells. Integrating viral vector systems based on the genera of the retroviridae and on adeno-associated virus are suitable tools, as the integration of viral vector genomes into the cellular chromosomal DNA allows for a more stable and long-lasting transgene expression than episomal gene-delivery models. Two nonviral gene-delivery systems with integrating properties have also been developed. These are based on the Sleeping Beauty DNA transposon system and on the Streptomyces bacteriophage integrase phiC31. However, the integration of recombinant vector systems may damage the natural genetic arrangement of the target cell. Such genetic alterations are termed insertional mutagenesis, which might result in malignant cell transformation. Insertional mutagenesis caused leukemia in five patients who participated in clinical trials for the treatment of severe combined immunodeficiency (SCID)-X1; sadly, one of the patients died. Gene therapists had to assess the real risk-versus-benefit ratio for the use of retroviral vectors in patients and devise novel strategies to minimize the occurrence of insertional mutagenesis-related malignancies. In this respect, a particular emphasis was placed on the engineering of enhancer-less self-inactivating retroviridae-based systems.